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Description 



Nowadays huge amounts of olefin cuts, from C 4 " to C 12 ". linear or branched, are available throughout 
the world and they are widely employed for different purposes such as described, for instance, in Italian 
5 patent publications 24152 A/82, 24550 A/82 and 19292 A/83. Sometimes, however, because of contingent 
reasons, even outside the chemical field such as, for instance, transportation difficulties, it would be better 
to have still further possibles of use. A promising use of said olefins would be their conversion into 
propylene and/or ethylene. «wun imo 

,„ whof,£r£r? 7671 d ! s = loses 8 P rocess * or the acid catalyzed conversion of larger olefins to smaller olefins, 
w wherein the larger olefins are contacted with a zeolitic compound, e.g. ZSM5 or 2SM11 zeolites havinq a 
silica to alumina mole ratio of at least 12, the zeolitic compound being used as such or in a modified form 

inJn^Mf hWe Sh0wn ,hat the excellent initial behavior of some catalysts such as. for 

instance ZSM5 and ZSM11. disappears after some time; after a few weeks conversion and selectivity drop 
to poor levels. K 

15 u- u*" ° b,8Ct , the invention is to Provide a process for catalytically converting olefin cuts C 4 --C,- with 
high propylene (and, optionally, also ethylene) yields and with a long life time of the catalyst before 
substitution or regeneration. 

In its most general form, the invention concerns a process for the conversion of linear butenes to 
propylene, which comprises contacting said butenes with a zeolitic compound, optionally in admixture 
20 with a binder, characterized in that said zeolitic compound is selected from silicaiites, boralites, 
chromosihcates and those zeohtes ZSM5 and 2SM11 in which the mole ratio SiCVAUCL is >350 and that 
onn?^' 01 ! ? T i0n iS "f™, 0 " 1 at a temperature of from 500 to 600°C and at a space velocity of from 
b to zoo kg/h of butenes per kg of pure zeolitic compound (binder excluded). 
The zeolitic compound is used as such or in a modified form. 
25 1 I h -? + b k ehavbr of s '! ica,it es depends on the conversion pressure; for instance, if the silicalite is silicalite- 
1 and if the pressure is substantially atmospheric, the space velocity must be lower than 50 h" 1 - if said 

™«'E£ 8 ,,,ca, : t r 1 . and if the pressure is f ! om ^ t0 7 « bar n-6 to 7.5 absolute atmospheres) the 
space velocity must be in general above 50 h~\ 

,« i^* BeSt ? SUlXS 3 ? obtained when said catalytic sflfcatite-1 is activated in the conversion reaction of the 
SM Pylene : Un ? r , S3id °P erative conditions. This initial (activating) run takes at least 8 and 

^SL^S^^i" used as such or ln a modmed form and the modifying e,ement is 

The modifying element can be incorporated into the catalyst by means of ion exchange or by any other 
method, for instance impregnation or co-precipitation during the synthesis of the zeolitic compound 

35 J^roing to a particularly advantageous way for the preparation of a non-modified silicalite, the'raw 
product coming from the zeolite synthesis is dried, for instance at 120°C, calcined (e.g. at 540°C for some 
soTu«i' n „f° r |?r. r mm^^mo 6 reS,dUal ? rganiC tem P' atin 9 a 9*nt, and then exchanged with an aqueous 
?1h °* - f ' 4CI ' N u H ' N ° 3 0r a " eouivalent H+ or NH 4 * source. When an ammonium compound is 
used, it is necessary to heat, e.g. at 400°C. in order to obtain the acid form of the silicate. A survey of 

40 techniques alternative to ion exchange is given e.g. in US. patents 3,140,249; 3,140,251 ; 3 140 253 and in 
European patent publication 30796, 36707, 371 68, 40463, 68754. ano in 

The zeolitic material, after calcination and conversion into the acid form, show a long endurance and a 
fnli Vt ? C a ?' Vity - ^ Ze0litic com P° ur "fe «" be used as catalysts (as such o? in a modffied 

4s ErELSS f admiX ^ re w,th suitable amounts ° f «"*»»». for instance Si0 2 or Al 2 0,. A list of other 
*™ h . n .nl 9 J^ ropean patent P ublicati °" 36707. The regeneration can be carried out in air 
for some hours, at 40O-600°C. A steam regeneration is described in European patent publicatior i 36704 

toMtiS'"* t0 * * ™* Successful method ' the Mta| y st «" b * regenerated by a hydrogen 

. -u*™ ^ « L n j* ia, . ac,ivation of tha Mte'yst, some methods are described in European patent publications 
so 34444 and 35830; in general it is advisable to activate the catalyst for some hours in air, at «SK 
ShtSroZS t 'I Fu ^ ermor ! tne pension itself (of olefins to propylene) has an activating effect 

2!%E££!Z^ words ' and reaction affect each ° ther in a ™ ,ual - -p«2- - 

« t, Br J£Z Pr0Ce » S i0 Z the ( j on . ve . rsion of more ° r 'ess heavy olefinic cuts into propylene will be indicated 
Savtnc 4 cl£ St r r0l Y s,s P rocass - W" a " *e feed of a post-pyrolysis process is a mixture of S 
SI I Bre "J ^"^able Problem to be solved, because the C 4 cuts always contain 
th» ™.v T2 Un ^° f Pafaffins ' general ' a,so havin 9 4 C atoms - whicn P ara ffins pass (at 400-600°^ 
nrn*? W,tH ° Ut takmg Part in any reaCtion - Furthermore a small amount of C 4 - paraffins is 

« nnn r ■ - T : PVrolys L s process itself - ^ inversion to C,H, could be enhanced by a recycle of the 
* °* ° efmS ° r ° f the olefins formed durin 9 * e rea «ion. In such a case, however an 
mcreasing accumulation of n-butane and of isobutane would take place. This drawback could be avoided 

bJZvTJ™ £ f F araffinS * r ° m °' efinS bef0re feeding the reactor but such a separation is rather S 
f^™f "J ? JS? b " ten f Cann °!. be iS0lated bv 3 simple o'stil'etion and it is usually necessary to carry oTan 
« £££££ T <a c ° mp 'L Cated techni « ue >< ^ Particularly burdensome for the C 4 " doming 
65 from catalytic cracking, where butane and isobutane may account for even 50% of the whole The problem 
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however, can be solved in a surprisingly easy way by the process according to the invention, when 
employing an integrated oligomerization step. In other words, a particualr embodiment of the invention 
(the feed being a paraffin-olefin mixture) comprises the following steps (reference is made also to figure 2): 

a) preliminary oligomerization of a (C 4 ~+C 4 ~) mixture at a temperature of from 320 to 380°C using a 
catalyst bed of zeolitic nature (see e.g. U.S. patent 4,1 50,062) to obtain a mixture of olefins having from 5 to 
8 C atoms, with the C 4 * paraffins remaining unconverted; 

b) cooling and condensation of the oligomerization effluent in order to separate the C 4 ~ paraffins as a 
gaseous phase, and conversion of the remaining (C 5 ~— C 8 ~) mixture to propylene under typical "post- 
pyrolysis" operative conditions; 

c) cooling of the effluent from the reactor for the conversion to propylene and compression of said 
effluent, preferably at 13—16 bar, whereby the hydrocarbons having 4 or more C atoms are condensed and 
the hydrocarbons having less than 4 C atoms are separated as a gaseous phase. 

These hydrocarbons (<C 4 ) can be advantageously recycled to a conventional battery of distillation 
columns for thermal or catalytic cracking, in order to recover all the propylene contained therein. The small 

is and possible amounts of aromatics (BTX) can be easily separated from the other C 4 hydrocarbons and 
recycled together with the final (C 4 ~— C 8 ~) mixture, containing small amounts of butanes produced during 
the conversion reaction described under item (b) above. 

In order to carry out the oligomerization, C 4 olefins,, containing C 4 paraffins in any proportion, are 
initially brought into contact with a catalyst of zeolitic nature, for instance ZSM5 or ZSM11, in an acid or in a 

20 modified form, at 250— 400°C (preferably 320— 380°C) and at space velocities from 2 to 10 (preferably 4—8) 
kg/h of reactants per kg of pure zeolite (binder excluded). In other words, the olefins of the (C 4 ~+C 4 ~) 
mixture are converted almost totally into a (C s ~— C B ~) olefinic mixture, while butane and isobutane do not 
react. The separation of the butanes can thus be carried out very easily by simple cooling with water at 
room temperature. The olefinic (C 5 ~— C a ~) mixture liquifies while the butanes are separated as a gaseous 

25 phase, said (C 5 ~— C 8 ~) mixtures being optimal raw-materials for the production of propylene. 

Depending on the operative conditions of the synthesis of the silicalite, as e.g. the dilution of the 
starting solutions, the resulting crystallites may have a widely variable size. The crystallites to be employed 
in the process according to the invention should have, in general, rather small sizes, such small sizes being 
obtainable, for instance, following the teachings of U.S. patent 3,926,782. The following examples are given 

30 merely for illustration purposes and do not in any way limit the scope of the invention. 

Operative Conditions Common to all Examples 

As to the method of preparation of the catalysts see: 

— for silicalite-1: U.S. patent 4,061,724; 

35 — for boralite: Taramasso et al.: "Molecular Sieve Borosilicates", Proc. 5th Int. Conf. on Zeolites, 
Naples 1980, pages 40-^18 (Heyden and Son Ltd. London 1980); the boralite used in the examples has a 
ratio Si0 2 :B a O 3 of 7 (by moles); a more recent method for obtaining boro-silicates is described in European 
patent publication 77946; 

— for chromosilicates: Italian patent publication 22568 A/82, in the name of the Applicant; the 
40 chromosilicate used in the examples has a ratio Si0 2 :Cr 2 0 3 of 38 (by moles). 

As to zeolites ZSM5 showing a very high Si0 2 :AI 2 0 3 ratio, not exemplified, see Italian patent 
publication 21699 A/83, in the name of the Applicant. In the absence of different indications, all the catalysts 
were activated 2 hours at 540°C before being used. 

45 Examples 1 — 6 

3 g of zeolitic catalyst in admixture with 0.9 g of SiO a (as a binder), were loaded into a microreactor 
which was continuously fed, at a pressure slightly above atmospheric pressure with a 50/50 mixture of 
butene-2-trans and butene-2-cis. Operative conditions and results are given in Table 1. 

so Example 7 

Example 4 was repeated using a silicalite-1 impregnated with a chromium salt, thus obtaining slightly 
better results. 1 

Examples 8 — 11 

55 3 g of silicalite-1, without binder, were loaded into a microreactor which was continuously fed with 60 
kg/h of the olefins of example 1 per kg of silicalite, at high pressures (6.08 bar for example 8 and 9 and 8.1 
bar for example 10 and 11). The detailed operative conditions and the results are given in Table 2. The 
results show clearly that a slight increase in pressure, corresponding approximately to the pressure of the 
olefins in the industrial manufacturing plants, allows the same conversions and selectiveness, but at a 

so much higher velocity. In other words, it is surprising and was quite unexpected that a suitable increase of 
the pressure increases very much the productivity of the silicate and therefore the output of the industrial 
plants. 

Example 12 

65 50 parts by weight of silicalite-1 were admixed with 50 parts of Al 2 0 3 (binder) and the mixture was 
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loaded into a micro reactor which was continuously fed at atmospheric pressure, with a 50/50 mixture of 
butene-2-trans and butene-2-cis, at 550°C and at a space velocity of 20 kg/h of olefins per kg of silicalite 
(binder excluded). The run was very long (120 h} and the results, hour by hour, were continuously 
monitored and plotted in figure 1. It is worthwhile to note that the initial decrease of conversion is reversed 
5 after a few hours; thus the conversion of the olefins itself is likely to be a stimulating activation for the 
catalyst In other words, catalyst and reaction effect each other by a mutual and beneficial activating action. 

Example 13 

Example 12 was repeated by using a mixture 65% b.w. silicate- 1+35% b.w. AI 2 O a and by raising the 
to space velocity to 67 h~\ In this case, the conversion initially decreased and then the phenomenon was 
reversed. 
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Claims 

1. A process for the conversion of linear butenes to propylene, which comprises contacting said 
butenes with a zeolitic compound, optionally in admixture with a binder, characterized in that said zeolitic 

s compound is selected from silicalites, boralites, chromosilicates and those zeolites ZSM5 and ZSM11 in 
which the mole ratio SiCVA!^ is &350 and that said conversion reaction is carried out at a temperature of 
from 500 to 600°C and at a space velocity of from 5 to 200 kg/h of butenes per kg of pure zeolitic compound 
(binder excluded). 

2. The process of claim 1 wherein said zeolitic compound is silicalite-1. 

w 3. The process of claim 2 wherein the space velocity is from 5 to 50 h~\ when the reaction pressure is 
. substantially atmospheric, and is from 50 to 200 h~\ when the. reaction pressure is from 1.5 to 7.5 bar. 

4. The process of claim 2 or 3 wherein the silicalite-1 is activated by the conversion reaction of said 
butenes to propylene under the reaction conditions of claim 1, the initial (activating) run being carried out 
at least 8 and, preferably, 12 hours. 

15 5. The process of any one of claims 2 to 4 wherein said silicalite-1 is in a non-modified form. 

6. The process of any one of claims 2 to 4 wherein said silicalite-1 is in a modified form, the modifying 
element being selected from Cr, Mg, Ca, Sr or Ba. 

7. The process of any one of claims 1 to 6 wherein said binder is Si0 2 . 

20 

Patentanspruche 

1. Verfahren zur Umwandlung von linearen Butenen in Propylen, bei dem die Butene mit einer 
zeolithischen Verbindung, gegebenenfalls im Gemisch mit einem Bindemittel, in Kontakt gebracht werden, 

25 dadurch gekennzeichnet, daB die zeolithische Verbindung ausgewahlt ist unter Silicaliten, Boraliten, 
Chromosiiicaten und Zeolithen ZSM5 und ZSM11, bei denen das Molverhaitnis SiOa/AI 2 0 3 >350 ist, und 
daB die Umwandlungsreaktion bei einer Temperatur von 500 bis 600 °C und einer Raumgeschwindigkeit 
von 5 bis 200 kg/h Butenen pro kg reiner Zeolithischer Verbindung (Bindemittel ausgenommen) 
durchgefuhrt wird. 

30 2. Verfahren nach Anspruch 1, worin die zeolithische Verbindung SNicaliM ist. 

3. Verfahren nach Anspruch 2, worin die Raumgeschwindigkeit 5 bis 50 h" 1 betragt, wenn der 
Reaktionsdruck im wesentlichen Atmospharendruck ist, und 50 bis 200 h* 1 betragt, wenn der 
Reaktionsdruck 1,5 bis 7,5 bar ist 

4. Verfahren nach Anspruch 2 Oder 3, worin der Silicalit-1 durch die Umwandlungsreaktion der Butene 
35 im Propylene unter den Reaktionsbedingungen von Anspruch 1 aktiviert wird, wobei der anfangliche 

(aktivierende) Durchgang mindestens 8 und vorzugsweise 12 Stunden durchgefuhrt wird. 

5. Verfahren nach irgendeinem der Anspruche 2 bis 4, worin der Silicalit-1 in nicht-modifizierter Form 
vorliegt. 

6. Verfahren nach irgendeinem der Anspruche 2 bis 4, worin der Silicalit-1 in modifizierter form 
40 vorliegt, wobei das modifizierende Element ausgewahlt ist unter Cr, Mg, Ca, Sr Oder Ba. 

7. Verfahren nach irgendeinem der Anspruche 1 bis 6, worin das Bindemittel SiO z ist. 

Revendications 

45 1. Un precede* de conversion de butenes lineaires en propylene, qui comprend le contact des butenes 
avec un composd zeolitique, eventuellement associe a un liant, caractdrise" en ce que le dit compose* 
zeolitique est choisi parmi les silicalites, les boralites, les chromosilicates et les zeolites ZSM5 et ZSM11 
dans lesquelles le rapport molaire Si02/AI 2 0 3 est supe>ieur ou egal a 350 et en ce que la dite reaction de 
conversion est mise en oeuvre a une temperature comprise entre 500°C et 600°C et a une vitesse spatiale 

so comprise entre 5 et 200 kg/h de butenes par kilogramme de compose zeolitique pur (liant exclus). 

2. Le proced6 selon la revendication 1 dans lequei ledit compose zeolitique est la silicalite-1. 

3. Le procede selon la revendication 2 dans lequei la vitesse spatiale est comprise entre 5 et 50 h~\ 
lorsque la pression r6actionnelle est de I'ordre de la pression atmospherique et est comprise entre 50 et 200 
h~\ lorsque la pression reactionnelle est comprise entre 1,5 et 7,5 bars. 

55 4. Le procede selon la revendication 2 ou 3 dans lequei, dans les conditions de reaction de la 
revendication 1, la silicalite-1 est activee par la reaction de conversion des dits butenes en propylene, la 
procedure initiate (activation) etant effectuee en au moins 8 heures, de preference 12 heures. 

5. Le proc6d6 selon la revendication 1 dans lequei la siiicalite-1 est sous une forme non modifiee. 

6. Le procede selon une quelconque des revendications 2 a 4 dans lequei ledit silicalite-1 est sous une 
co forme modified, I'element modificateur consistant en Cr, Mg, Ca, Sr ou Ba. 

7. Le procedd selon une quelconque des revendications 1 a 6 dans lequei ledit liant est forme de Si0 2 . 
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